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Booorabls  Brcndca  T.  Byrn* 
Gonranor  of  Now  Joraoy 
Trontoo,  Mow  Jorsoy  08621 


Do«r  Govomor  Bjrrno: 

loeloood  iM  th«  PhMo  I Inopoction  Roport  for  Cano*  Brook  Roaorvoir  Ho. 2 
Dos  In  Roms  Councy,  Naw  Jorooy  which  bna  boon  preporod  undor  attChorlsotioa 
of  tho  Don  loopoctlon  Act,  Public  Law  92-367.  A brlof  osooosnont  of 
tho  don'o  coodltioD  la  glwon  la  tho  front  of  tho  roport. 

Boaod  on  wtsual  Inapoetion,  avoilablo  rocorda,  caleulatlona  and  poat 
oporotlonol  porfomaneo,  Conoo  Brook  Raaonrelr  So.  2 Dan.  a hlfb  haaard 
potantlal  otroctoxo,  la  judgod  to  bo  In  good  ovoroU  eoodltioa.  Siaco 
thoro  la  no  natoxal  flow  Into  tho  roaorwolr*  tho  Proboblo  Mart—  Flood 
la  alaply  tho  proclpltotlon  dlroctly  on  tho  roaorwolr  aorfaco.  lha 
fraoboard  capacity  of  tho  roaorwolr  la  adognato  to  contain  tho  Probablo 
Marl—  Proclpltotlon.  To  Inauro  adoquaey  of  tho  atmcturo,  tho  following 
aetlona,  aa  a nlnlnwn,  ara  roeoanand^: 

a.  Vlthln  air  nontha  Item  tho  dato  of  approral  of  thla  roport, 
onglaoorlag  atudloa  and  analyaoa  ahonld  bo  porfomad  to  dotamlno  tho 
dna'a  aabaakaant  and  foundation  condition  and  otmctnral  atablllty. 

Thla  ahonld  Includo  toat  berlaga  to  dotonlno  notorial  proportloa  rolatlra 
to'  atablllty  and  aoopago.  Any  ronadlal  naaauroa  found  nocoaaary  ahonld 
bo  laltlatod  within  ealondar  yoar  1980.  Tho  onhanknont  top  and  alopoa 
ahonld  bo  anrroyod  to  oatabllah  tho  proaont  top  olaratlon  and  width 
and  aldo  alopoa.  Tha  naxlnun  oporating  lowol  of  tho  roaorwolr  ahonld 
than  bo  rowlowod  baaod  on  tho  roonlt  of  tho  anrwoy. 

b.  Tho  followlag  raaadlal  aetlona  ahonld  bo  eonplotod  within 
30  daya  of  tho  dato  of  approwal  of  thla  roport: 

(1)  A downatroan  warning  ayataa  In  connactlon  with  Canoo 
Brook  Roaorwolr  No.  1 Dan  ahonld  bo  ootabllahod. 
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■ooorakla  traadas  T.  Byraa 

(2)  Irratalarltiaa , araalaa  acara  aad  araaa  of  alaaiat  rl^ap 
oa  CiM  aabaakaaat  alMaU  ba  ra^alrad. 

e.  TIm  fallawiat  raaaiial  aatlaaa  alMald  ba  caa^latad  vichia  ala 
aoatba  af  tba  data  af  abprcaal  wt  tbia  rayact: 

(1)  twaiaa  tba  irowtb  of  braab  aad  traaa  froa  cba  daa  aad 

iaatltata  a of  ragmlar  braab  raanaal. 

(2)  laltlata  a pratraa  Co  kaof  xacorda  of  all  aalataaaaca  aai 
ofaraKiat  aaaata. 

d.  Wltbia  aaa  y—x  fraa  cba  data  af  approval  of  tbla  raport 
alcaraatlaa  aacbeda  of  dralalat  Cba  raoorvolr  Ineludlac  inaCallacloa 

of  aa  aaortaacy  aaclac  aboald  ba  laaaaCisacad. 

A eofp  af  Cba  raporc  la  batag  faratabad  co  Mr.  Dirk  C.  Bofaaa,  Nov 
DaparcaaaC  of  tavlrovaatal  ProCoeCloa,  cba  daolgaacad  Scaca 
Offlea  oaacaec  for  cbla  progiraB.  Wlchla  fiaa  dapa  af  cba  daca  of  cbia 
laccar>  a eapp  will  alao  ba  aaac  Ca  Coagraaawaaaa  milleaBC  Faavlek  of 
Cba  Flfcb  DiaCrlcC.  Oadar  cba  pravlalaaa  af  Cba  Praadaa  of  laforaaciea 
AeC,  Cba  laapacCloa  raport  viU  ba  aobJacC  to  ralaaoa  by  this  offlea. 
apoa  ragaaaC,  flva  dayo  afear  Cba  data  of  Cbla  laCCor. 

AUiClaaal  caplaa  of  Cbla  raparc  aay  ba  abcalaad  fraa  tba  Natlaoal 
Taehaleal  laforaaClaa  larrlcaa  (VTXt),  fprlagflald.  Virxiaia  22111 
aC  a caaaaaabla  eaat.  Plaaaa  allav  faar  to  ala  waaka  fraa  tba  data 
of  tbia  lactar  for  NTXt  to  bava  eaploa  of  Cba  raport  arrallabla. 
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Tt  SrHci-aSISao.  «mU  aa  a r—lt  f tba 

raqoaat  that  aa  ba  adrlaad  of  i>ropoaad  action  takan  by  tha  SUta  t 
iaplaaaat  our  racoaaaodatiooa. 
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CAWOE  BKOOIC  MSIKVOIK  WO.  2 DAM  (WJ00526) 

COKfS  or  KWCIWEKKS  ASSESSHUfT  OT  GEWBKAL  COWPITIOWS 


Till*  dfli  WM  laspcctad  on  29  Wot— bor . 16  Dncoabor  1978  and  4 Jaauary 
1979  by  Jaany~Laadahlll  EnRlaaors,  undar  contract  to  tha  Stata  of  Nav 
<7«raay.  Tha  Stata,  undar  aEraaaant  vlth  tha  U.  S.  Amy  Entloaar  Dlatrlct, 
^lladalphia,  had  thla  inapaction  parfonaad  la  accordaaca  with  tha 
National  Dan  Inapaction  Act,  Public  Law  92-367. 

Caaoa  Brook  laaarwolr  No.  2 Dan,  a high  hasard  potantlal  atructura,  la 
Judgad  to  ba  la  good  ovarall  condition.  Slaca  thara  la  no  natural  flow 
Into  tha  raaanrolr,  tha  Probabla  Naxlnun  Flood  la  alnply  tha  praclpltatlon 
dlractly  on  tha  raaanrolr  aurfaca.  Tha  fraaboard  capacity  of  tha 
raaanrolr  In  ada^uata  to  contain  tha  Probabla  Naxlnun  Praclpltatlon. 

To  Inaura  ada^acy  of  tha  atructura,  tha  following  actlona,  aa  a 
nlnlnun,  am  mconnandad: 

a.  Vlthln  alx  nontha  fron  tha  data  of  approval  of  thla  mport, 
anglnaarlng  atudlaa  and  analyaaa  ahould  ba  parfomad  to  datamlna  tha 
dan'a  anbanknant  and  foundation  condition  and  otructural  atablllty.  Thla 
ahould  Includa  taat  borlnga  to  datamlna  notarial  propart laa  mlatlva  to 
atablllty  and  aaapaga.  Any  ranadlal  nnaauraa  found  nacaaaary  ahould  ba 
Inltlatad  within  calandar  yaar  1980.  Tha  anbanknant  top  and  alopaa 
ahould  ba  aurvayad  to  aatabllah  tha  praaant  top  alavatlon  and  width 

and  alda  alopaa.  Tha  naxlnun  oparatlng  laval  of  tha  maarvolr  ahould 
than  ba  ravlaaad  baaad  on  tha  raault  of  tha  aurvay. 

b.  Tha  following  ranadlal  actlona  ahould  ba  conplatad  within 
30  daya  of  tha  data  of  approval  of  thla  mport : 

(1)  A downatman  warning  ayatan  In  connactlon  with  Caaoa 
Brook  Eaaarvolr  No.  1 Dan  should  ba  aatabllahad. 

(2)  Irmgularltlas,  arooion  scam  and  amas  of  nlaalng  riprap 
on  tha  nhbaaknant  ahould  ba  rapalrad. 

c.  Tha  followlnt  ranadlal  actlona  ahould  ba  conplatad  within  alx 
nontha  of  tha  data  of  approval  of  this  mport: 


(1)  th«  troirth  df  brush  aiui  truss  froa  ths  dsa  sad 

^••tltuts  s profrsa  of  rsculsr  brush  rssinul. 


(2)  laltlsts  s procraa  to  ksop  rocords  of  all  asintsasacs  sad 
o^rstiat  svoats.  ocs  sus 

d.  Vlthia  oas  yasr  froa  ths  data  of  approval  of  this  raport 

ot  dralalat  tha  raaarrolt  iacludlaa  lastallatioa 
■■  •■•rgaacy  outlot  should  bo  lavastlfstad. 


APriorgP! 


IMin: 


/Mas  G.  TM 
Coleaol,  Corps  of  liulnaara 
Oistrlct  Saglaasr 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Nanie  of  Daia: 


Canoe  Brook  Reservoir  No.  2, 
I.D.  No.  NJ  0052b 


State  located:  New  Jersey 

County  located:  Essex 


Stream: 

Date  of  Inspection: 


(Off-stream  pumped  storage) 
November  29,  December  16,  1973, 
and  January  4,  1979 


Brief  .Assessment  of  General  Condition  of  Dam 

Visual  inspection  of  the  dam  indicated  the  embankment 
to  be  in  gooa  overall  condition  and  witaout  any  critical 
signs  of  distress.  Erosion  due  to  wave  action  is  a contin- 
uing problem  i.n  certain  areas  of  tne  inboard  slope  of  the 
en\bankment , anu  tliere  arc  other  erosion  problems  and  damage 
of  the  crest  and  slopes  due  to  foot  traffic.  The  width 
of  the  crest  is  iiiordinately  narrow  in  places. 

Since  there  is  no  natural  flow  into  the  reserwir, 
the  Probable  Maximum  Flood  is  simply  the  precioitation 
directly  on  the  reservoir  surface.  The  freeboard  capa- 
city of  the  reservoir  is  adequate  to  contain  the  Probable 
Maximum  Precipitation. 

The  reservoir  has  no  spillway  or  emergency  outlet 
and  can  be  completely  drained  only  by  pumping  from  the 
reservoir  into  the  Canoe  Brook  Reservoir  No.  1. 

Recommendations  and  the  urgency  of  their  implementa- 
tion are  as  follows: 

1.  In  the  near  future,  the  embankment  top  and 
slopes  should  be  surveyed  to  establish  the 
present  top  elevation  and  width  and  side 
s lopes . 
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2.  Erosion  scars  and  areas  of  missing  riprap  on 
the  embankment  should  be  repaired  as  soon  as 
possible . 

3.  The  maximvxm  operating  level  of  the  reservoir  should 
be  reviewed  in  light  of  future  surveys  of  top  of 
dam  elevations. 

4.  Frequent  vegetation  renK>val  should  become  a 
continuing  maintenance  operation. 

5.  Seepage  and  stability  analyses  of  the  dam  should 
be  made  in  the  near  futvire. 

6.  A downstream  warning  system  in  connection  with 
Canoe  Brook  Reservoir  No.  1 Dam  should  be 
established  as  soon  as  possible. 
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PREFACE 

This  report  is  prepared  under  guidance  contained  in  the 
Reconunended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I Investigations-  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 

D.  C.  20314.  The  purpose  of  a Phase  I Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  con- 
dition of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  It  is  important  to  note 
that  the  condition  of  a dam  depends  on  numerous  and  constantly 
changing  internal  and  external  conditions,  and  is  evolution- 
ary in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only 
through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  be  detected. 

Phase  I inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  flood  is  based  on 
the  estimated  "Probable  Maximum  Flood"  for  the  region  (great- 
est reasonably  possible  storm  runoff),  or  fractions  thereof. 
The  test  flood  provides  a measure  of  relative  spillway  capa- 
city and  serves  as  an  aide  in  determining  the  need  for  more 
detailed  hydrologic  and  hydraulic  studies,  considering  the 
size  of  the  dam,  its  general  condition  and  the  downstream 
damage  potential. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Canoe  Brook  Reservoir  No.  2 Dam 
Federal  I.D.  No.  NJ  00526 
New  Jersey  I.D.  No.  (None) 


SECTION  1:  PROJECT  INFORMATION 


1 . 1 General 

a.  Authority 

The  National  Dam  Inspection  Act,  Public  Law  92-367, 
1972,  provides  for  the  National  Inventory  and  Inspection 
Program  by  the  U.  S.  Army  Corps  of  Engineers.  This  re- 
port has  been  prepared  in  accordance  with  this  authority, 
through  contract  between  the  State  of  New  Jersey  and 
Jenny-Leedshill  Engineers.  The  State  of  New  Jersey  has 
also  entered  into  an  agreement  with  the  U.  S.  Army  Engin- 
eer District,  Philadelphia,  to  have  this  work  performed. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  was  to  evaluate  the 
general  structural  integrity  and  hydraulic  adequacy  of 
the  dam,  and  to  determine  if  the  dam  constitutes  a hazard 
to  human  life  or  property. 

1 . 2 Description  of  Project 

a.  Description  of  Dam  and  Appurtenances 

Canoe  Brook  Reservoir  No.  2 Dam  is  essentially  a rolled 
earth- fill  levee  completely  surrounding  a reservoir.  The 
embankment  is  9,700  feet  long,  irregularly  shaped  but 
roughly  elliptical  in  plan.  The  crest  width  varies  from 
3 to  5 feet,  and  side  slopes  are  approximately  1V;2H  on 
the  inboard  slope,  and  1V:1-1/2H  on  the  outboard  side. 
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Height  of  the  embankment  varies  from  7 feet  to  about 
24  feet,  but  on  the  average  is  about  22  feet  above  the 
reservoir  bottom.  Rock  riprap  covers  the  entire  inboard 
slope.  At  the  time  of  inspection  the  reservoir  was 
nearly  empty,  with  standing  water  only  in  the  northern 
half. 

There  is  no  natural  inflow  into  the  reservoir,  and 
the  dam  contains  no  spillway.  Water  is  pumped  into  the 
reservoir  through  an  intake  structure  from  the  nearby 
Passaic  River.  Water  may  be  pumped  from  the  reservoir 
through  a 16-inch  pipeline  to  Canoe  Brook  Reservoir  No.  1 
or  it  can  flow  by  gravity  through  a 48-inch  transfer 
pipeline  to  the  same  reservoir.  There  are  no  low  level 
drains . 

b.  Location 

The  dam  is  located  in  Essex  County,  New  Jersey,  north 
of  the  town  of  Summit  in  Millburn  Township.  It  is  access- 
ible from  John  F.  Kennedy  Parkway  by  way  of  Highway  24. 

The  location  of  the  dam  is  shown  on  Plate  1. 

c.  Size  Classification 

The  size  of  the  dam  based  on  its  maximum  height  of 
24  feet  and  2,384  acre-feet  storage  capacity  is  inter- 
mediate. The  criteria  for  size  classification  of  dams  are 
set  forth  in  the  Corps*  Guidelines.  An  intermediate  size 
dam  is  one  in  which  the  reservoir  capacity  is  greater  than 
1,000  acre-feet  and  less  than  50,000  acre-feet,  and/or  the 
maximum  height  is  greater  than  40  feet  and  less  than  100  feet. 

d.  Hazard  Classification 

It  is  found  that  the  present  high  hazard  classi- 
fication of  the  dam  is  merited,  since  if  a breach  should 
occur  for  any  reason  during  non-flood  season,  the  large 
volume  released  could  develop  a substantial  size  opening 
and  a resulting  large  discharge.  Excessive  inundation 
and  serious  damage  and  possible  loss  of  more  than  a few 
lives  could  result  in  Hanover  Township  (pop.  11,000)  four 
miles  downstream.  On  the  other  hand,  during  floods. 
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outflow  from  a breach  in  the  dam  would  be  reduced  by 
tailwater  effects  of  the  Passaic  River,  and  incremental 
effects  of  this  reduced  outflow  may  not  be  significant 
in  the  downstream  areas. 

e.  Ownership 

The  dam  is  owned  and  maintained  by  Commonwealth 
Water  Company,  233  Canoe  Brook  Road,  Short  Hills,  New 
Jersey. 

f.  Purpose  of  Dam 

The  dam  and  reservoir  provide  storage  of  untreated 
water  pumped  from  the  Passaic  River.  Along  with  other 
sources,  the  water  is  used  as  a potable  supply  for  gen- 
eral use  in  an  extensive  service  area  in  northeastern 
New  Jersey. 

g.  Design  and  Construction  History 

The  dam  was  constructed  in  1938  2md  has  remained 
substantially  unchanged  since  then  except  for  maintenance 
work  on  the  embankment. 

h.  Normal  Operational  Procedures 

The  reservoir  is  operated  in  conjunction  with  Camoe 
Brook  Reservoir  No.  1,  into  which  all  water  from  the 
Reservoir  No.  2 either  flows  by  gravity  or  is  pumped. 

The  maximum  operating  level  of  the  reservoir  is  188.5 
feet  elevation;  however,  the  water  level  is  usually  main- 
tained at  a much  lower  level,  so  as  to  maintain  a maxi- 
mum water  level  in  Reservoir  No.  1.  During  times  of 
water  shortage,  the  reservoir  may  be  very  low  or  near 
empty. 

1 . 3 Pertinent  Data 

a.  Drainage  Area  - 113.6  acres  (reservoir  surface  area 
only) 

b.  Discharge  at  Damsite  - No  natural  discharge 
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193.5 

188.5 

transfer  pipe  invert  174.5 
elevation  164.54 

3500  feet 


c.  Elevation  (ft.  above  MSL) 

•Top  Dam 
•Maximum  pool 
•48-inch  diameter 
•Minimum  reservoir 

d.  Reservoir 
•Length  of  maximum  pool 

e.  Storage  (acre-feet) 

•Maximum  design  pool 
•Top  of  dam 

f.  Reservoir  surface  (acres) 

•Top  dam 
•Maximum  pool 

g . Dam 

• Type 
•Length 

• Flo  ight 

•Top  width 
•Side  slopes 

• Zoning 

•Imperious  core 
•Cutoff 

•Grout  curtain 

h.  Regulating  Outlets 

1.  Type: 

Length: 

Control : 

2.  Type: 


1816 
2384 

115.8 
113.  6 

Rolled  eartlifill 
'’7  00  feet 

V'aries  from  7 feet 
to  2 9 feet 

Varies  from  3 feet 
to  5 feet 

IV: 2H  inboard; 

IV' : 1 S H out  boa  rd 
None 
None 
None 
None 

ooncrete  pipe  to  Reservoir  No.  1 


4 8 incFi 
780  feet 

2-48  inch  diameter  butterfly  valves 

1-16  incli  diameter  oxitlet  pipe  to 
Reservoir  No.  1 

Pump  capacity:  10  mgd  nominal 
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SECTION  2: 


ENGINEERING  DATA 


Des ign 

a.  Geological  Conditions 

Canoe  Brook  Reservoir  No.  2 is  located  within  the  New 
Jersey  Piedmont  Lowland  physiograohic  province.  The  re- 
gional geology  of  this  province  is  discussed  in  Appendix  C 
to  this  report. 

This  reservoir  lies  just  west  of  the  Second  Watchung 
Mountain  in  the  area  occupied  by  both  the  Wisconsin  Age 
glacier  and  Glacial  Lake  Passaic.  Glacial  Lake  Passaic 
was  formed  between  the  Second  Watchung  Mountain  on  the 
east  and  south,  the  Highlands  on  the  west  and  the  edge  of 
the  glacier  on  the  north.  Therefore,  a typical  soil  pro- 
file in  the  reservoir  area  is  likely  to  consist  of  glacial 
tills  on  top  of  the  bedrock,  an  overlying  layer  of  rela- 
tively coarse,  stratified  alluvium  outwash,  and  a topmost 
layer  of  fine  sandy  silt  and  silty  fine  sand  which  repre- 
sents the  fine  grained  "rock  flour"  sediments  carried  from 
the  glacier  as  it  retreated.  It  is  these  finer-grained 
lake  deposits  which  form  the  relatively  flat  plain  upon 
which  the  Canoe  Brook  Reservoirs  are  constructed.  These 
sediments  have  a relatively  low  permeability  which,  along 
with  a high  water  table,  accounts  for  the  numerous  swamps, 
ponds  and  puddles  seen  on  the  flat  ground  around  the 
reservoirs.  In  certain  areas  one  or  more  of  these  soils 
may  be  very  thin  or  missing  while  another  predominates  at 
the  surface.  A layer  of  organic  deposits  should  be  ex- 
pected in  the  swampy  areas. 

No  bedrock  exposures  were  seen  near  the  perimeter  of 
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the  reservoir  embankment.  However,  it  is  known  by  pro- 
jection that  the  Brunswick  formation  of  sandstones  and 
shales  underlies  Reservoir  No.  2.  Logs  of  several  water 
wells  drilled  in  the  area  between  Canoe  Brook  No.  1 and 
No.  2 are  shown  on  Plate  5 and  locations  of  these  wells 
are  shown  on  Plate  6.  The  logs  indicate  soils  of  clay 
and  sandy  clay  near  the  surface  and  bedrock  between  60 
to  140  feet  depth. 

Since  the  area  lies  within  Seismic  Zone  1,  only 
minor  damage  may  be  expected  from  distant  earthquakes. 

No  active  faults  are  known  to  exist  in  the  immediate  vi- 
cinity nor  surrounding  area  of  the  dam. 

b.  Design  History 

No  data  are  available  pertaining  to  the  original 
design  of  the  dam  or  any  subsequent  maintenance  work. 

In  plan,  the  dam  is  essentially  as  depicted  on  Plate  2. 
Typical  sections  of  the  embankment  were  not  av’ailable 
from  the  owner.  However,  based  on  sections  of  Canoe 
Brook  Reservoir  No.  1 Dam  and  field  observations,  the  embank 
ment  design  is  believ’ed  to  be  as  represented  on  Plate  3,  i.e 
with  inboard  slopes  of  IV: 2H,  outboard  slopes  of  IV: 1-1  'ZH 
and  5-foot  top  width. 

No  data  are  available  on  the  design  of  any  of  the 
outlet  or  inlet  pipes,  ether  than  the  cross  section  of 
the  48-inch  diameter  transfer  pioe  connecting  the  reser- 
voir with  Canoe  Brook  Reserv’oir  No.  1 (Plate  4)  . This  con- 
crete transfer  pipe  is  elevated  throughout  the  reach  between 
the  two  reservoirs,  and  is  protected  from  flotation  dur- 
ing flooding  by  steel  straps  at  regular  intervals  anchored 
to  piling.  The  pipe  has  a blowout  valve  between  the  reser- 
voirs and  a butterfly  valve  at  each  reservoir  embankment. 

When  t.he  reservoir  level  falls  below  the  invert  of 
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the  48-inch  transfer  pipeline,  water  must  be  pumped  to 
Reservoir  No.  1 via  a 16-inch  steel  pipeline.  A suction 
pump  provides  10  mgd  capacity. 

The  inlet  from  Passaic  River  consists  of  a pump 
station,  screens  and  two  24-inch  and  four  20-inch  dia- 
meter steel  pipelines.  Flaps  on  the  outlets  of  the 
pipes  prevent  backflow.  Nominal  pump  capacity  is  80  mgd 
and  maximum  is  100  mgd. 

2.2  Construction 


No  records  of  construction  are  available.  No  soils 
tests  are  known  to  have  been  made  of  the  emiiankment 
material.  It  was  reported  that  the  borrow  material  was 
derived  from  excavation  within  the  present  reservoir. 

Logs  of  nearby  water  wells  indicate  the  near  surface 
soils  to  be  clay  and  sandy  clay  (Plates  5 and  6). 

2 . 3 Operation 

Daily  records  of  reservoir  levels  and  withdrawals 
are  maintained  by  the  owner.  There  are  no  monitoring 
devices  or  survey  markers  on  the  dam. 

2 . 4 Evaluation 

a.  Availability 

Data  are  not  available  on  the  original  design  or 
construction  of  the  dam  and  no  data  are  available  on  sub- 
sequent repair  or  maintenance  work.  All  available  data 
are  listed  in  Appendix  A. 

b . Adequacy 

Available  data  are  insufficient  to  adequately  evalu- 
ate the  design.  Calculations  relating  to  the  structural 
design  of  the  dam  or  the  stability  of  the  as-built  struc- 
ture are  not  available.  Nothing  is  known  of  construction 
methods,  testing  methods,  as-built  material  properties, 
or  foundation  conditions. 
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Validity 
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c . 


The  limited  data  that  are  available  are  believed  to 
be  valid.  The  plan  of  the  dam,  as  represented  on  Plate  2 
was  drawn  in  1963,  but  the  date  of  the  topographic  sur- 
vey is  not  known.  The  typical  section  of  the  dam,  Plate  4, 
is  inferred. 


SECTION  3:  VISUAL  INSPECTION 


3 . 1 Findings 

a.  General 

The  visual  inspection  of  Canoe  Brnok  Reservoir  No.  2 
Dam  was  made  on  November  29,  1978,  and  subsequent  inspec- 
tions made  on  December  16,  1978  and  January  4,  1979.  The 
reservoir  was  nearly  empty,  with  the  water  surface  ele- 
vation at  the  time  of  inspection  estimated  to  be  about 
172  ft.,  or  approximately  21  ft.  below  the  top  of  the 
dam.  Water  was  being  pumped  into  the  reservoir  from 
the  Passaic  River  and  from  the  reservoir  into  Canoe 
Brook  Reservoir  No.  1 at  the  time  of  the  inspection. 

The  visual  inspection  did  not  reveal  any  critical 
signs  of  distress  in  the  dam  forming  the  manmade  com- 
povindment.  Several  locations  were  noted  where  wave 
action  or  erosion  along  footpaths  had  occurred;  however, 
in  general  the  dam  appears  to  have  been  maintained  well. 

Detailed  inspection  was  made  of  the  dam,  appurtenant 
structures,  reservoir  area  and  the  downstream  channel. 
Descriptions  of  the  findings  of  these  inspections  are 
summarized  in  the  paragraphs  which  follow.  The  check 
list  of  visual  inspection  items  is  included  in  Appendix 
A.  Geologic  and  foundation  conditions  observed  at  the 
time  of  the  inspection  are  noted  in  greater  detail  in 
Section  2.1. 

b.  Dam 

The  deun  was  inspected  for  signs  of  settlement,  seep- 
age, erosion,  cracking  and  any  other  evidence  of  unde- 
sirable behavior  which  might  affect  the  stability  of  the 
structure. 
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To  a minor  extent  wave  action  has  eroded  and  under- 
mined the  inboard  slope  of  the  embankment  on  the  south- 
eastern shoreline  of  the  reservoir  (Photo  1) . This  has 
resulted  in  some  steepening  of  the  upper  part  of  the 
slope  in  places  (Photo  2). 

The  embankment  crest  is  rather  narrow  in  places, 
less  than  the  presumed  design  width  of  5 feet  (Photo  3) . 
This  narrowness  may  have  resulted  from  erosion. 

Several  locations  were  noted  where  troughs  in  the 
embankment  have  been  eroded  by  foot  traffic  of  persons 
gaining  access  to  the  reservoir  for  fishing.  At  some 
of  these  locations  riprap  has  been  dislodged  from  the 
inboard  slope  (Photo  4).  In  general,  the  riprap  slope 
is  well  maintained. 

The  inboard  slope  and  crest  of  the  embankment  were 
generally  clean  and  free  of  vegetation  growth.  In  cer- 
tain areas,  particularly  on  the  eastern  side  of  the 
reservoir,  the  outboard  slope  was  covered  with  brush  and 
small  trees  (Photo  5) . The  owners  reportedly  cut  the 
vegetation  at  5-year  intervals. 

No  evidence  of  seepage  could  be  detected.  The  em- 
bankment materials  appear  to  be  stiff  and  impermeable. 

c.  Appurtenant  Structures 

A 48-inch  transfer  pipeline  to  Canoe  Brook  Reser- 
voir No.  1 passes  through  the  embankments  of  both  reser- 
voirs with  flow  through  it  controlled  by  valves  located 
in  each  embankment.  At  the  time  of  the  inspection  the 
invert  of  the  48-inch  pipe  was  well  above  the  reservoir 
water  surface  so  that  any  seepage  through  the  embankment 
along  the  sides  of  the  pipe  when  submerged  could  not  be 
excunined  (Photo  6).  The  pipeline  is  elevated  in  the 
swampy  area  between  the  reservoirs  (Photo  7) . 

Water  from  the  reservoir  was  being  pumped  to  Canoe 


10 


Brook  Reservoir  No.  1 at  the  time  of  inspection  through 
a 16-inch  pipeline,  the  inlet  of  which  was  submerged  and 
could  not  be  observed. 

Water  was  being  pumped  into  the  reservoir  from  the 
Passaic  River  at  the  time  of  inspection  (Photo  8) . Water 
enters  the  reservoir  through  6 steel  pipes  having  flaps 
on  their  outlets  to  prevent  backflow  (Photo  9). 

Washwater  from  the  treatment  plant  filters  is  re- 
turned to  the  reservoir  at  the  rate  of  0.5  mgd  through 
16-inch  and  24-inch  pipelines  (Photo  10) . 

d.  Reservoir  Area 

The  reservoir  is  man-made  with  its  perimeter  com- 
pletely formed  by  earthen  embankment;  thus  there  are 
no  natural  slopes  leading  to  the  reservoir.  There  was 
standing  water  only  in  the  northern,  deeper,  half  of 
the  reservoir.  The  water  appeared  clear,  without  odor 
and  only  minor  debris  was  observed.  A number  of  tree 
stumps  were  exposed  in  the  southern,  dry,  half  of  the 
reservoir  (see  Overview  Photo) . 

e.  Downstream  Channel 

No  downstream  channel,  as  such,  is  associated  with 
this  dam  because  the  embankment  completely  surrounds 
the  reservoir.  Discharges  from  the  reservoir  in  the 
event  of  embankment  failure  would  flow  around  the  em- 
bankment in  a direction  of  the  lowest  ground  surface 
elevation. 

In  general  the  areas  surrounding  the  embankment 
are  flat  and  consist  of  wooded  areas  and  swampland. 

The  Passaic  River  is  a few  hundred  feet  outside  the 
western  and  northern  embankment,  and  the  small  stream, 
Canoe  Brook,  parallels  the  eastern  embankment.  The 
community  of  Florheun  Park  lies  north  of  the  reserv’oir 
^md  appears  to  be  on  land  which  is  generally  higher 


in  elevation  than  the  d^un  (Plate  1)  , but  other  houses  are 
further  downstream  on  the  Passaic  River  in  Hanover  Town- 
ship that  could  be  endangered  by  flooding. 
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SKCTION  4: 


t)rKKA''’10NAL  PROCKIH'KKS 


4 . 1 Procedures 

Canoe  Brook  Ri'servoir  No.  2 Pam  impiiunds  water  pumped 
from  the  Passaic  River.  Watt'r  is  normally  pumped  into 
the  reserv'oir  durinq  the  period  October  1 to  dune  1 and 
is  limited  by  minimum  flow  restrictions  that  must  be 
maintained  in  the  river.  The  maxinuim  rate  of  diversion  is 
100  mgd.  From  Reservoir  No.  2 water  either  flows  by 
gravity  into  Reservoir  No.  1 through  a 4 8- inch  transfer 
pipeline,  or  it  is  pumped  at  the  rate  of  10  mgd  to  Reser- 
voir No.  1 through  a 16-inch  pipeline  when  the  reservoir 
level  falls  below  the  invert  of  the  48- inch  line. 

From  Reservoir  No.  1 water  is  withdr.awn,  treated  and 
distributed  through  the  Commonwealth  Water  Company  systi'm. 
It  may  also  be  pumped  from  that  reservoir  to  Canoe  Brook 
Reservoir  No.  3,  2 miles  north  of  Reservoirs  No.  1 and  2. 
The  Canoe  Brook  Reservoirs  are  operated  in  such  a manner 
as  to  maintain  the  ma.ximum  possible  water  level  in  Canoe 
Brook  Reservoir  No.  1 by  releasing  or  punif'ing  water  f lom 
Reservoir  No.  2.  This  is  done  to  minimise  the  pumping 
head  from  Reservoir  No.  1 into  the  treatment  plant  and  to 
allow  capacity  in  the  Reservoir  No.  2 for  pumping  from  the 
Passaic  River.  Thus  the  water  level  in  the  Reservoir  No.  2 
is  often  below  the  maximum  operating  level  of  elevation 
188.5  feet.  Records  of  reservoir  operation  are  kept  on  a 
da i ly  basis . 

4.2  Maintenance  of  Dam 

The  owners  report  e<lly  cc>nduct  a monthly  visual  inspec- 
tion of  the  dam.  One  of  the  primary  purposes  of  the 
inspection  is  to  observe  the  condition  of  the  riprap 
which  is  subject  to  wave  erosion  and  dislodging  by 
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trespassers.  Riprap  has  apparently  been  regularly 
replaced  over  the  years. 

Other  th2m  the  slab  staff  gage,  there  are  no  in- 
strumentation or  monitoring  systems  of  the  daun  or  reser- 
voir. 

The  owners  cut  the  vegetation  from  the  embankment 
of  the  dam  at  5-year  intervals.  They  reportedly  are 
planning  to  increase  the  frequency  of  such  maintenance. 

4 . 3 Maintenance  of  Operating  Facilities 

Intake  and  outlet  facilities  appear  to  be  regularly 
maintained  auid  in  good  working  condition.  The  valves 
controlling  the  48-inch  transfer  pipeline  are  reportedly 
operated  about  50  times  per  year.  The  treatment  plants 
have  been  subjected  to  periodic  flooding  of  the  Passaic 
River  and  the  lower  windows  of  the  building  have  been 
bricked  in  to  provide  some  flood  protection. 

4. 4 Description  of  Warning  Systems 

There  is  no  warning  system  or  emergency  contingency 
plan  in  event  of  failure  of  the  dam.  Neither  is  there 
any  area-wide  coordinated  flood  warning  system,  although 
it  is  reported  that  certain  communities  in  the  Passaic 
basin  are  initiating  their  own  individual  warning  systems. 
Spring  flooding  of  the  Passaic  is  a frequent  occurrence, 
and  it  is  not  unusual  for  flood  waters  to  inundate  the 
area  surrounding  the  daun  embankment. 

4 . 5 Evaluation  of  Operational  Adequacy 

There  is  presently  no  way  to  lower  or  drain  the 
reservoir  other  them  by  gravity  flow  or  pumping  into 
Canoe  Brook  Reservoir  No.  1 and  thence  through  the 
owner's  water  distribution  system.  This  condition  im- 
poses a limitation  on  emergency  operational  flexibility. 
Maintenance  of  the  inlet  and  outlet  facilities  appears 


to  be  good,  and  maintenance  of  the  embankment  is  reason- 
ably good. 


SECTION  5 : HYD'^AULIC/HYDROLCGIC 


5 . 1 Evaluation  of  Features 
a.  Design  Data 

As  already  stated,  Canoe  Brook  Reservoir  No.  2 Dam 
is  classified  as  high  hazard  and  intermediate  in  size. 

In  accordance  with  the  Corps  of  Engineers',  the  "Recom- 
mended Guidelines  for  Safety  Inspection  of  Dams,"  the 
Spillway  Design  Flood  (SDF)  is  the  Probable  Maximum 
Flood  (PMF)  . 

Canoe  Brook  Reservoir  No.  2 is  contained  within  a 
man-made  dike  that  is  continuous  for  the  entire  circum- 
ference of  the  reservoir.  The  heicht  of  the  dike  varies 
from  a minimum  of  about  seven  feet  to  a maximum  of  about 
twenty-four  feet.  Water  is  supplied  to  the  reservoir  by 
pumping  from  Passaic  River.  Hence  reservoir  storage  is 
completely  controlled  except  for  contributions  that  occur 
as  precipitation  directly  on  the  reservoir  surface. 

Canoe  Brook  Reservoir  No.  2 is  shown  in  plan  on  Plate 
It  is  reported  by  the  owner  that  the  maximum  operating 
water  surface  elevation  of  the  reservoir  is  188.5  feet. 

The  capacity  of  the  reservoir  at  this  maximum  operating 
level  is  reported  by  the  owners  to  be  1816  acre- feet. 

The  surface  area  of  the  reservoir  is  113.6  acres.  The 
top  elevation  of  the  impounding  dike  is  reported  by  the 
owners  to  be  19  3.5  feet;  hence,  embai-ikment  freeboard  above 
the  maximum  operating  level  is  5.0  feet.  The  reservoir 
has  no  spillway.  The  storage  capacity  curve  for  Canoe 
Brook  Reservoir  No.  2 is  s.hown  on  Place  D-1,  .Appendix  D. 


The  Probable  Maximum  Flood  (PMF)  entering  the  reservoir 
is  the  Probable  Maximum  Precipitation  (PMP)  with  no  reduc- 
tion allowance  for  infiltration.  The  PMP  was  calculated 
using  Hydrometeorological  Report  No.  33  with  a Hop  Brook 
reduction  factor  of  0.80  for  misalignment  of  the  storm. 

With  concurrence  of  the  Corps,  PMP  values  for  a 10  square  mile 
drainage  basin  were  used  even  though  the  reservoir  surface 
area  is  0.18  square  miles.  The  cum.ulative  PMP  for  various 
durations  is  shown  in  the  following  tabulation.  Calcula- 
tions supporting  these  figures  are  presented  in  Appendix  P. 

Duration,  Hours  PMP,  Feet 

6 1.7 

12  1.8 

24  2.0 

48  2.1 

Under  the  assumption  that  the  freeboard  of  the  reser- 
voir is  5.0  feet,  the  embankment  design  is  capable  of 
containing  the  48-hour  PMP. 

Drawings  obtained  from  t.he  owner  and  discussions  with 
the  owner  indicate  there  are  no  drains  for  the  reservoir. 
Assuming  there  are  no  drains,  the  only  means  of  emptyino 
the  reservoir  is  via  Gravity  flow  or  pumping  to  Canoe 
Brook  No.  1 Reservoir.  In  the  event  that  Reservoir  No.  1 
is  full,  then  deliveries  out  of  Reservoir  No.  2 can  only 
be  at  the  rate  that  water  is  being  delivered  to  customers 
out  of  Reservoir  No.  1.  This  rate  is  reported  to  averaae 
about  60  acre-feet  per  d.ay.  Assuming  this  average  rate, 
the  reservoir  could  be  drained  in  about  30  days. 

b.  Experience  Data 

Reservoir  elevation  records  are  available  for  Canoe 
Brook  Reservoir  No.  2.  The  reservoir  is  maintained  at 
its  lowest  water  surface  elevation  whenev’^er  possible  so 
that  water  can  be  diverted  from  Passaic  River  into  the 


system  and  so  that  the  water  surface  in  Canoe  Brook  Reser- 
voir No.  1 can  be  maintained  at  hydraulically  favorable 
high  levels.  During  high  runoff  months,  Reservoir  No.  2 
is  normally  above  its  minimum  level  because  Reservoir  No.  1 
is  frequently  near  its  maximum  level.  There  is  no  evidence 
that  the  embankment  has  ever  been  overtopped. 

c.  Visual  Observations 

Other  than  the  company's  treatment  facilities,  there 
are  no  developments  around  or  immediately  downstream  of 
the  reservoir.  The  Passaic  River  nearly  borders  the 
reservoir  on  two  sides  and  Canoe  Brook  closely  parallels 
a third  side.  Terrain  between  the  reservoir  and  the 
two  streams  is  gently  sloping  and  heavily  wooded. 

Some  areas  along  the  reservoir  side  of  the  embank- 
ment are  slightly  irregular  due  to  wave  action.  The 
fetch  of  the  reservoir  is  about  0.6  miles. 

d.  Overtopping 

The  design  reservoir  freeboard  above  the  maximum 
operating  level  is  adequate  to  contain  the  PMP  without 
overtopping.  Assuming  the  reservoir  can  be  drained  at 
the  rate  of  60  acre-feet  per  day,  the  reservoir  level 
can  be  lowered  at  the  rate  of  about  0.5  feet  per  day. 

Because  the  PMP  can  be  completely  contained  within 
the  freeboard  storage  the  embankment  design  should  be 
considered  as  hydrologically  adequate. 


SECTION  6:  STRUCTURAL  STABILITY 


6 . 1 Evaluation  of  Structural  Stability 

a.  Visual  Observations 

The  embankment  apoears  to  be  in  generally  good 
condition.  Slopes  are  reasonably  uniform  and  the  in- 
board riprap,  with  minor  exceptions,  is  well  maintained. 

Wave  action  has  cut  the  southeastern  emJDankment  to  a 
minor  degree.  No  vertical  deflections  in  the  crest 
could  be  detected,  but  the  crest  is  some  places  is  only 
about  3 feet  wide,  possibly  due  to  erosion. 

Vegetaticn  growth  on  the  outboard  slopes  is  a poten- 
tial problem  in  some  areas. 

b.  Design  and  Construction  Data 

Almost  nothing  is  known  of  the  design  or  construc- 
tion of  the  dam.  Although  slopes  visually  appear 
uniform,  the  true  cross-sectional  configuration  is  not 

known.  Nothing  is  known  of  as-built  embankment  materi-  j-j 

als.  No  hydraulic  or  hydrologic  computations  are  known 
to  exist. 

c.  Operating  Records 

The  daily  measurements  of  water  levels  made  by  the 
owner  provide  a good  record  of  the  reservoir  operation. 

The  lack  of  instrumentation  to  detect  seepage  or 
adverse  pore  pressures  does  not  appear  to  be  a serious 
inadequacy  in  view  of  the  apparently  negligible  seepage 

losses.  i 


Of  some  concern  is  the  lack  of  any  recent  surveys 
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to  determine  the  present  too  of  dam  elevation  and  side 
slopes.  Such  surveys  are  needed  to  assess  the  adequacy  of  the 
freeboard  and  the  structural  stability  of  the  embankment 
slopes . 

d.  Post-Construction  Changes 

No  major  pc it-construction  changes  are  known  to  have 
been  made.  Routine  maintenance  plus  deformation  and 
erosion  over  the  years  have  undoubtedly  resulted  in  some 
deviations  from  the  design  configuration  of  the  embankment. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  ^one  1 in  which  it 
may  generally  be  assumed  that  there  is  no  hazard  from 
earthquake,  prov’ided  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins  exist. 

Static  stcibility  conditions  of  the  dam  are  unknown  and 
must  be  determined  by  future  analyses. 
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SECTION  7:  ASSESSMENT,  RECOMMENDATIONS 
AND  PROPOSED  REMEDIAL  MEASURES 


. 1 Dam  Assessment 

a.  Safety 

At  the  elevation  of  the  top  of  the  dam  as  indicated 
from  available  data,  the  freeboard  is  adequate  to  contain 
the  Probable  Maximum  Precipitation  falling  on  the  reservoir 
surface . 

The  width  of  the  crest  is  inordinately  narrow  in 
places.  Side  slopes  appear  to  be  reasonably  uniform 
and  to  conform  to  presumed  design  slopes. 

The  growth  of  vegetation  at  certain  places  on  the 
outboard  embankment  is  undesirable  and  could  lead  to 
piping  problems  if  unchecked. 

b.  Adequacy  of  Information 

Data  are  insufficient  to  evaluate  the  stability  of 
the  dam,  since  almost  nothing  is  known  of  the  design  or 
construction  methods.  It  is  not  known  when  the  embank- 
ment was  last  surveyed,  so  that  the  crest  elevation  and 
side  slopes  are  not  known  with  certainty.  Information 
on  the  inlet  and  outlet  structures  and  on  the  operation 
of  the  reservoir  are  generally  adequate. 

c.  Urgency 

A survey  of  the  dam  and  seepage  and  staibility  analyses 
should  be  performed  in  the  near  future.  Vegetation  removal 
should  also  be  started  in  the  near  future. 

Irregularities  and  eroded  surfaces  on  the  crest  and 
slopes  should  be  repaired  as  soon  as  possible. 
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Alternative  methods  of  draining  the  reservoir  should 
be  investigated  in  the  future. 

d.  Necessary  for  Additional  Data/Evaluation 

Corps  of  Engineers  Guidelines  require  that,  in  general, 
seepage  and  stability  analyses  should  be  on  record  for 
all  dams  in  the  high  hazard  category.  It  is  recommended 
that  soil  borings  and  laboratory  tests  should  be  performed 
to  determine  pertinent  physical  properties  of  the  em- 
bankment and  foundation  materials  so  that  seepage  and 
stability  analyses  can  be  made. 

A survey  of  the  dam,  including  top  of  dam  elevation, 
side  slopes  and  outlet  locations  is  needed  to  assess  the 
structural  integrity  of  the  dam  and  the  danger  of  over- 
topping at  low  points  along  the  crest  in  event  of  a 
Probable  Ma.ximum  Flood. 

7. 2 Remedial  Measures 

a.  Alternatives 

It  is  recommended  that  the  owner  investigate  atler- 
native  methods  of  draining  the  reservoir,  including 
installation  of  an  emergency  outlet. 

b.  Operaticn  and  Maintenance  Procedures 

It  is  recommended  that  the  owner  perform  the  following 
operation  and  maintenance  work: 

1.  Repair  any  erosion  scars,  deformations  and  settle- 
ment areas  as  indicated  by  a survey  of  the 
embankment,  so  that  the  embankment  top  elevation, 
width  of  top  and  angle  of  slope  conform  to  the 
original  design. 


2.  Remove  the  growth  of  brush  and  trees  from  the 
dam  and  institute  a program  of  regular  brush 
removal. 

3.  Keep  records  of  all  maintenance  and  operating 
events . 

4.  The  maximum  operating  level  of  the  reservoir 
should  be  reviewed  in  light  of  future  surveys 
of  top  of  dam  elevations. 

5.  A warning  system  should  be  implemented  in 
cooperation  with  downstream  authorities  and 
should  be  coordinated  with  Canoe  Brook 
Reservoir  No.  1. 
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APPENDIX  A 

CHECK  LIST  - VISUAL  OBSERVATIONS 

CHECK  LIST  - ENGINEERING,  CONSTRUCTION 
MAINTENANCE  DATA 
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EMERGENCY  CATE  Not  Applicable 


None 


REISARKS  OR  BECOMHENTATIOKS 
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ENGINEERING  DATA 
DESIGN,  CONSTRUCTION,  OPERATION 


APPENDIX  B 
PHOTOGRAPHS 


Photo  2 - Southern  embankment,  showing 
wave-cut  inboard  slope.  (11-29-78) 


Photo  4 - Dislodqt'd  riprap  oii  tiorthoru 
inboard  slope.  (ll-2'>-7«) 


Photo  6 - Inlet  of  48-incli  transfer  pipeline 
connecting  Canoe  Brook  Reservoirs  Nos.  1 and  2. 
(11-29-78) 


Photo  7 - Elevated  portion  of  48-incli  transfer 
pipeline,  looking  toward  Canoe  Brook  Roservoir 
No.  1.  (11-29-78) 


Photo  8 - Passaic  River  at  intake  structure. 
Pump  station  to  left  of  weir.  (11-29-78) 


Photo  9 - Outlet  pipes  from  Passaic 
River  pump  station,  (11-29-78) 


Photo  10  - Outlet  pipes  for  return  flow  of 
washwater  from  treatment  plant  filters. 
(11-29-78) 


REGIONAL  GEOLOGY  - PIEDMONT  LOWLANDS 


The  Piedmont  Lowlands  Province  of  New  Jersey  lies 
northwest  of  a line  approximately  between  Trenton  and 
Perth  Amboy  and  southeast  of  an  approximate  line  between 
Milford  on  the  Delaware  River  and  Mahw2di  near  the  New 
York  State  border.  Physiographically , the  province 
is  situated  between  the  predominantly  Precambrian  age 
New  Jersey  Highlands  Province  to  the  northwest  and  the 
typically  unconsolidated  Creataceous  age  and  younger 
sediments  of  the  Coastal  Plain  Province  to  the  south- 
east. (See  Figure  C-II . 

Bedrock 


The  Piedmont  Lowlands,  encompassing  about  one- 
fifth  of  the  state,  is  characterized  by  northwestward 
dipping  bedrock  composed  of  interbedded  red  shales, 
silts tones  and  sandstones  of  Triassic  and  Jurassic  age 
and  igneous  basalt  extrusions  (lava  flows)  and  diabase 
intrusions  of  Jurassic  age.  The  sedimentary  rocks  have 
been  eroded  to  a broad  southeastward  sloping  piedmont 
plain.  The  northwest  border  of  the  province  is  a north- 
east-southwest  trending  fault  zone  (Ramapo  Fault) 
which  truncates  the  sedimentary  beds.  Total  vertical 
displacement  on  the  fault  may  reach  10,000  feet. 

The  gently  rolling  lowland  topography  of  the  piedmont 
lowlands  is  pierced  by  long  asymetric  ridges  of  hard 
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and  resistant  igneous  rocks  which  were  intruded  into  or 
on  top  of  the  sedimentary  sequences.  With  the  subse- 
quent erosion  of  the  softer  sedimentary  rocks,  these 
igneous  formations  have  been  left  standing,  often  in 
bold  relief,  up  to  400  ft.  above  the  surrounding  plains. 
The  ous  bodies  composed  of  diadsase  and  basalt  form  the 

Palisad*^  along  the  Hudson  River  amd  the  three  Watchung 
Mountain  ridges  of  the  central  Piedmont.  The  ridges 
are  all  steeper  on  the  southeast  with  gentle  dip  slopes 
to  the  northwest. 

Overburden 

The  Pleistocene  Age  Wisconsin  continental  glacier 
has  smoothed  and  filled  approximately  the  northern  half 
of  the  province.  The  terminal  moraine  of  the  glacier 
extends  from  Perth  Amboy  to  Summit  then  northwest- 
ward to  Morris  Plains.  North  of  the  morainal  line  the 
soils  characteristically  consist  of  glacial  tills  over- 
lying  the  bedrock  with  scattered  overlying  stratified 
outwash  deposits.  At  least  three  large  glacial  Icikes 
occupied  portions  of  the  area  north  of  the  moraine  at 
different  periods,  resulting  in  a relatively  flat 
topography  composed  predominantly  of  silts  and  clays. 

South  of  the  terminal  moraine,  most  of  the  over- 
burden consists  of  alluvial  deposits  overlying  a more 
highly  developed  weathered  tramsition  zone  on  top  of  the 
bedrock.  Some  highly  weathered  tills  of  pre-Wisconsin 
glaciation  can  be  found  on  the  top  of  intervalley  ridges. 
Much  of  the  alluvium  is  glacial  outwash. 


Ci‘j:CK  LIST 

H\T)ROU''CrC  ANl)  iiYDX'.ULrC  DATA 
E'r.IN-EERING  IVMA 

DRAIMAGE  AREL\  CHARACTERISTICS:  Reservoir  surface  only 

elevation  top  NORJ'AL  pool  (STORAGE  0\PACITY) : 188.5  feet 

ELEVATION  TO?  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  No  flood  control  pool 

ELEVATION  ilAXETT!  DESIGN  POOL:  188.5  feet 

ELEVATION  TOP  aA>‘.:  193.5  feet 

CREST; 

a.  Elevation  193.5  feet . 

b.  Type  Earth 

c.  '..'idch  3 to  5 feet 

d.  Length  9700  feet 

e.  Location  Spillover  - 

f.  Jfember  and  Tv'pe  of  Gates  

OLTLET  WORKS: 

a.  Type  1-48"  Dia.  transfer  outlet  and  1-16"  Dia.  suction  outlet. 

b.  Location  Both  near  northwest  corner  of  reservoir, 

c.  Entrance  inverts  174.5  feet  (16"  Dia.  unknown) 

d.  Exit  ir.verpg  174.5  feet  (16"  Dia.  unknown)  

e.  Emergency  draindovn  facilities  

HYDSCMETEOROLOGICAL  GAGES;  Not  known 

a.  Type  

b.  Location  

c.  Records  - ■ 

yAXIiaiM  NON-DAMAGItiG  nTROWARCT ■ applicable  
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